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ABSTRACT ;: Based on a previous analysis by the author (Kriteriy neustoy-
chivostl razvitoy deflagratsii 1 analogilya protsessa sgoraniya v.
detonatsionnoy volne i v raketnom dvigatele, 1IVUZ, "Aviatsionnaya
tekhnika,"” No. 1, 1966.), the following criterion wes derived for con-
bustlon stability in a liquid rocket engine: '

| e pm—e—e = v o .-
e

. T o1+ Y a2
. - rs N ‘1
: .""',“ >M1Cr,-’ (g..])m; _.’
where M, is-the Mach number of the fuel-oxidizer gas mixture; ¥, _ is
4 : &g

“der
the critical Mach number of the gas mixture; Xqs X, &re the specific

heat ratios of the fresh gas mixture and combustion products, respect:vely;
and a 1ls the gas veloclty ratioc., As an example, calculations were made

for gasoline based on heptane parameters. The value of {4cr Tor gasolire
ke B

was found to be 0.12. Since under real conditions in a rocket motor ¥,

is larger thén-o.ié,[internal stabllity of the combustion regime would ze
ensured. - '
Orig. art, has: 6 formulas. English translation: U4 pages.
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CRITERION OF THE INS“ABILITY CF AN ARRITRARY SYSTEM CF DEFPLAGEATICN
N THZ CCMBUSTICON CHAMZER O“ A ROCKET ENGINE WITH SUCCESSIVE
: AUTOIGNITION OF THE FUEL
S. K. Aslanov
In the wor¥ [1] there is ccnsidered the problem of the
persistence of small distrubances in the process of deflagration of
a ccmpressed fuel mixture In a system of inducticn which 1s charac-
teristic for the heat-stressed combustion chambers of rocket engines
with the predominant mechanism of successive autoignition of the
mixed ard heated compcnents of the fuel. 1In this situation orto
the tasic staticnary flow directed along the axls x there were
imposed gas-dynamic disturbances of the kind const.exp (kyx + iky-i.t)
iimited over great distances from the flame. As a result of satlofying
the law of continuity of the flicws of the mass, the 1nyuAse, and
the energy 1n vassing through tne flame, and alsc the conditlons
imposed on these disturbance of the kinetic chemlical reaction there
was obtained in [1] an equation for determining the natural number
of the given problen
(n—-l)[——-rnpl(l ~r—> DMIJH— I M1+
. , . Bl
+2+ ("z—l)MzJ-*'(?—ﬂ)— +oilt@—a) -
ai k: T J
£ .2, 1 =M
“rD+(¢“1)m“Jﬁ1x‘r"‘“““"(1“" (1) .
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- 2 . *
number, and P, o, V, T, M, x are, respectively, pressure, dens
speed, tempera%ure, Mach number, and ratio of he a: capacity

where n(p, T) 4s the rate of the chemical reacticn, # 135 the wa-
¥ 2

The indices {subscripts and superscripts) 1 and 2, s
respectively, the origlnal mixture and tne products of th
and the symbels in B and 1, are cpposite.
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x

-

The selectlon of the branches Yy and 5 is accompllished by
indicated condltlion of the limitedness of the disturtances

-

Reyl 2 0, Rev2 2 0, from whlch for the actual z, in particular,
follows the upper sign with Y ani the lower with 2 {in the cas~ of

8). The latter, in turn, fiow from the conformity to rule of the : .
possible systems of deflagrations M, < 1, M, £ 1. Further, we - \

investigated in detall the 1limit cases of the completeness of the

development of the Jouguet deflagration (M2 = 1) (1) and in [2] ard \

of the slow burning (M << 1), It turns out that the first systen o \
|

for the physically veal condition is inward ¥y unstable, and the
second always stable.

An analysls of the characteristic‘equation (1) of the problen ’ |
under consideration will be derived for the arbitrary system of
deflagration 0 <« M, < 1, so that it 1s possible to obtaln a

sufficlent criterion controlling the transition of the stable form
- of burning to the unstable. For this purpose, having designated
" the left side of the equation /1) f(z) we explain its behavior in

the
region z > 0.
With z » 4=
~ —..._......_‘M‘ LS _..—1_ 4“1 e o
3] I_M‘ » 1! « Mz"("l * B (l M!)’
?Ith
S+ 00) = 21+ M) Dy~ 1 — MMy — (a— 1) mM?D,
D°—1+M,+;'.:."_L(!,—1)Mz. R
hehce for } |
(“"I)MMI’>1+M,—-‘-:-§:-’-@—A,. (23 . ;
:
f(+=) < 0, in the contrary case, f{(+=») > 0. ,
With .z = 0
’ 1
Tl- ) T —— & B" I-MZ, ?‘_l, TN .
1 M} Vi-M | 1 .
1@ = =M1+ =D+ =1+ §
M | @&QNN 1%
1= 2 2 l\ o ¢
+ —lt (2= (a—1)mM: } \¥ o
"‘Mx[ (2 — 1) mM:] gﬁ»w i
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hence for
“‘4». [ fe A ’ ¢ «
(a~1>.nm’<2-“]/’ P a= {2+ (=) AN = 4, &y

£(0) > 0 the opposite case, f{(0) < 0. And thus on

y &
that Al < A

Y
(2
jo
. -3
[4]
<
X,

n
2..

In fact, by using the law of the precervation of *he irpulse
Ly J [ . . :
2 : .2 Ly
Pi#+ prf = P, + o,V5 and @ > 1, we see that M, «< M,. Therefore
'y
1+ AL s N
A — M e - = (a = 1) (4~ )M <0,

Consequently the fulfllling of the condition

. — 1+ M» h’, - .2
(1 + M) {1 XY M‘)} <(@-1)mMi<
<2m—asy/ LM + (29 —1) M)} A ru)

definltely assures at least one positive root z > 0 of the equation
(1) £(z) = 0. In other words the inequality {4) serves as a
sufficlent criterion of the instabllity of the process cf burning
with the arbitrary system of weak deflagration. In the particular
case of the Houguet system (M2 = 1) (L) becomes the criterior

obtained in [1]:

(r—=mu?

>1.
(1+Aﬁ)(b—£:)

In the cése of small M
second degree in accordance with the Mach number, we find form (4):

1 and M2 by disregarding the terms cf the

a—1 (& — )Hl”y .
>1.
M|+M3 > 1+V1 i (5)
M

The expression Mz/M‘ is computed from the law of the preservation of
the impulse in the form:

X
a— .
~3 * x
M - L o> g—-

M/ 1= Mi(a—1) *

The left side of tﬁe inequality (5) represents conslderable magnitude
at tne small Ml’ M5y SO that actually the criterion of the instablility

with precis*on to the linear terms in accordance with the Mach number
is expressea in the form:

FTD—HT523-1647-67 , 3
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Hence there 1s found the critical Mach number of the rate of tne %

eI

burning, a%t which the deflagration process in the chamber of the
rocket engine lcses the inner stabllity with relation to the smail
gas-dynamic disturbances

14+ a2
M‘>Muv-v" C—um " -y

1at in the limiting case of Ml - 0

) the slow durning irn the system of inducticn
ordance with the deduczticns in {2].

~ ~ A agm 4 2
he latter signifles t

-

4
{(incompressiys

will be stable I

If one disregards the dependence of the rate of the chemlical
reacticn con the pressure and taxes the dependence on the temperature,

.

m = (‘l - 1) q; , where £ 13 the energy of the activation, R the
1
gas constant. Then for the example of a liquid-rocket engine taken
in [1], conventionally taxing gasoline for heptane, assuming
E = 38 kcal/mole, Tl = 700, a = 3, Ky "k, = 1.4, from (6) we get

1 = 0,12,
crit

Within the framework of the real conditions of the working of the
liqulid-rocket englne, apparently, the rate of the burning will exceed
this limit, assuring the inner stabllity of the system of the burninc.

the following evaluation of the critical Mach number M

e ahvr .
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